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1
MULTILAYERED ELECTRONIC ELEMENT

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a multilayered electronic
clement and, more particularly, to a multilayered electronic
clement having a plurality of opposing internal electrodes
arranged 1n a ceramic body.

2. Description of the Prior Art

There 1s a growing trend 1n multilayered electronic ele-
ments toward reducing their size and increasing their capaci-
tance by the use of thinner and multilayered internal elec-
frodes and ceramic sheets. One of the conventional
multilayered electronic elements 1s the multilayered capaci-
tor composed of ceramic sheets of barium ftitanate and
internal electrodes of noble metal (such as Pt, Pd, and
Ag/Pd). For cost savings, internal electrodes of noble metal
are being replaced by those of base metal such as N1 and Cu.

The disadvantage of internal electrodes of base metal 1s
that base metal partly diffuses into the ceramics body to form
oxides therein. Since the distance of diffusion is less than 3%
of the interval between the internal electrodes, diffusion has
no effect at all so long as the ceramics layer between internal
clectrodes 1s comparatively thick. However, in the case
where the ceramics layer i1s thinner than about 10 um,
diffusion poses a problem 1n that 1t causes a decrease 1n
insulation resistance and variations in capacitance and tem-
perature characteristics. This problem has not been solved
yet because 1t 1s difficult to control the effect of diffusion
which manifests itself within 3% of the interval between
internal electrodes.

OBJECT AND SUMMARY OF THE INVENTION

The present invention 1s able to provide a highly reliable
multilayered electronic element which 1s free from the
undesirable effects of diffusion of the material of the internal
clectrodes 1nto the ceramics layers and whose electrostatic
capacitance hardly changes with temperature.

The multilayered electronic element of the present inven-
tion has the base metal of the 1nternal electrodes diffused in
the ceramic body, with the distance of diffusion being 3 to
30% of the interval between the internal electrodes. Speci-
fying the distance of diffusion as above makes 1t possible to
control the change of electrostatic capacitance with tem-
perature.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a sectional view showing a multilayered ceramic
capacitor which 1s an embodiment of the present invention.

FIG. 2 1s a partly enlarged sectional view of the multilayer
ceramic capacitor shown 1 FIG. 1.

DESCRIPTION OF AN EMBODIMENT OF THE
INVENTION

The present mvention, which 1s embodied 1n a multilay-
ered ceramic capacitor, will be described 1n more detail with
reference to the accompanying drawing.

FIG. 1 shows 1n section the multilayered ceramic capaci-
tor 1, which 1s made up of a dielectric ceramic body 2 and
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2

opposing internal electrodes 3a, 3b which form a capaci-
tance between them for storing an electrical charge. On the
left end of the capacitor 1 i1s an external electrode 5 elec-
trically connected to the iternal electrodes 3a. On the right
end of the capacitor 1 1s an external electrode 6 electrically
connected to the internal electrodes 3b.

The capacitor 1 1s produced in the following manner.
First, a dielectric ceramic powder of bartum titanate 1s mixed
with a binder, and other conventional additives, and the
resulting mixture is formed into a green sheet (about 12 um
thick) by the doctor blade process. On the green sheet is
formed the 1nternal electrodes 3a, 3b by printing an electri-
cally conductive paste composed of nickel powder and an
organic vehicle. The green sheets (carrying the internal
electrodes 3a, 3b thereon) are placed on top of each other,

and the resulting assembly 1s sandwiched between upper and
lower protective layers (dielectric ceramic sheets). The
resulting laminate undergoes degreasing in the atmosphere
and firing at a high temperature. Firing causes nickel

™

USC

(constituting the internal electrodes 3a, 3b) to partly di

into the dielectric ceramic body 2. The distance of diffusion
varies depending on the temperature, duration, and atmo-
sphere of firing.

™

USION Was Con-

In Examples 1 to &, the distance of di

trolled by adjusting the duration of firing at the maximum

temperature as shown 1n Table 1. The distance of nickel

diffusion was measured by Auger electron spectroscopy.

TABLE 1
Distance of
Duration  Interval between nickel
of firing electrodes, L, diffusion, L./L; x
(h) (sem) L, (em) 100 (%)

Example 1 1.0 10.3 0.3 3
Example 2 2.0 9.8 0.5 5
Example 3 3.0 9.6 0.7 7
FExample 4 5.0 9.5 1.1 12
Example 5 10.0 9.5 1.8 19
Example 6 15.0 9.3 2.2 24
Example 7 20.0 9.1 2.8 31
Example 8 30.0 9.1 3.2 35
Comparative 2.0 50.0 0.1 0.2
Example

The samples were prepared and 1t was found that the
distance (L) of nickel diffusion is 3 to 35% of the interval

(L,) between the internal electrodes, as shown in FIG. 2. The

Comparative Example sample in Table 1 was formed from
oreen sheets, with nickel electrodes attached to the upper
and lower surfaces of the laminate. Each sample was pro-
vided on both ends with external electrodes §, 6 which were
formed from a silver paste by coating and firing.

The thus obtained capacitor was tested for the rate of
change with temperature in electrostatic capacitance, 1nsu-

lation resistance (IR), dielectric breakdown voltage (BDV),

and high-temperature load test. The results are shown 1n

Table 2.
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TABLE 2

Rate of change with temperature in
electrostatic capacitance [n = 10]

Example AC-55/C25 (%) AC-125/C25 (%) |AC/C25|,.« (%) log IR
Example 1 -0.8 -11.8 12.7 12.01
Example 2 -0.8 -10.5 11.8 11.88
FExample 3 -0.5 -10.3 10.8 11.50
Example 4 0.3 -11.0 11.7 11.02
FExample 5 0.5 -12.9 13.6 11.13
Example 6 0.4 -14.1 14.9 10.94
FExample 7 0.8 -15.4 17.2 10.25
Example 8 1.2 -16.7 19.1 9.87
Comparative -15.8 1.3 17.2 13.42
Fxample

Notes to Table 2.

High-
BDV (V) temperature

[n = load test Overall
100] [n = 200] rating
625 0/200 good
598 0/200 good
571 0/200 good
560 0/200 good
551 0/200 good
534 0/200 good
508 0/200 poor
483 3/200 pooT
688 0/200 —-

AC-55/C25 is the comparison between electrostatic capacities at —=55° C. and 25" C. (standard).
AC-125/C25 is the comparison between electrostatic capacities at —125° C. and 25° C. (standard).
IAC/C25| ..« is the maximum change in electrostatic capacitance (compared with the standard at 25° C.) that occurs in

the range from —-55° C. to 125° C. log IR 1s the insulation resistance measured after charging at 10V for 120 seconds.
BDV (dielectric breakdown voltage) is the voltage at which dielectric breakdown occurs at 25° C. when voltage is raised

at a rate of 100 V/s. The results of the high-temperature load test are expressed in terms of the number of samples
suffering shortcircuiting between internal electrodes 3a, 3b upon abrupt application of 100V at 150° C.

It 1s noted from Table 2 that samples with a ratio of L./L,,
greater than 30% (as in Examples 7 and 8) are subject to a
significantly greater change 1n electrostatic capacitance with
temperature, a decrease 1n 1nsulation resistance, and dete-
rioration after the high-temperature load test. In other words,
it 1s necessary to control the duration of firing so that the
distance (L,) of nickel diffusion 1s 3-30% of the interval
(L,) between the internal electrodes 3a, 3b.

In the case where the interval (L;) between the internal
electrodes 3a, 3b is smaller than, say, 6 um, the distance (LL,)
of nickel diffusion should preferably be 3-10% of L, (most
desirably 4—-10% of L,) for satisfactory insulation resistance.

In this way 1t 1s possible to obtain a highly reliable
multilayered capacitor which changes little with temperature
in electrostatic capacitance and decreases little 1n msulation
resistance.

The multilayered electronic element of the present inven-
fion 1s not restricted to the above-mentioned embodiment.
Various changes and modifications may be made in the
invention without departing from the spirit and scope
thereof. The electronic element may include inductors as
well as capacitors. The ceramics used for the electronic
clement may include PbO-based ceramics as well as barium
fitanate. The material for the internal electrode may include
copper as well as nickel.

The multilayered electronic element embodying the
present invention 1s produced by firing under specific con-
ditions (such as temperature, duration, and atmosphere) so
that the material of the imternal electrodes diffuses over a
limited distance which 1s 3—30% of the interval between the
internal electrodes. Controlling the effect of diffusion in this
way contributes to the multilayered capacitor having only a
small change 1n capacitance with respect to temperature, a
small decrease 1n 1nsulation resistance, and high reliability
in the high-temperature load test.

What 1s claimed 1s:

1. A multilayered electronic element comprising:

a ceramic bodys;

a plurality of internal electrodes arranged in the ceramic
body separated by ceramic layers;

the internal electrodes being made of a base metal and the
base metal being diffused into the ceramic layers such
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that a distance of diffusion 1s 3-30% of an interval
between the internal electrodes.

2. A multilayered electronic element as i claim 1,
wherein the interval between the internal electrodes 1s less
than about 10 um.

3. A multilayered electronic element as 1 claim 1,

wherein the interval between the internal electrodes 1s less
than 6 um and the distance of diffusion 1s 3-10% of the

interval between the internal electrodes.

4. A multilayered electronic element as in claim 3,
wherein the distance of diffusion 1s 4-10% of the interval
between the internal electrodes.

5. A multilayered electronic element as in claim 1,
wherein the multilayered electronic element 1s a multilay-
ered capacitor and the mterval between the internal elec-
trodes and the distance of diffusion are selected to provide
a predetermined electrostatic capacitance and a predeter-
mined change of electrostatic capacitance with respect to
temperature.

6. A multilayered electronic element as 1n claim 35,
wherein the mterval between the 1nternal electrodes and the
distance of diffusion are selected to provide a predetermined
change 1n 1nsulation resistance with respect to temperature
and predetermined high-temperature load characteristics.

7. A method of manufacturing a multilayered electronic
clement having predetermined electrical characteristics
comprising the steps of:

forming a ceramic bodys;

arranging 1n the ceramic body a plurality of internal
clectrodes made of a base metal and separated by
ceramic layers;

diffusing the base metal 1nto the ceramic layers such that
a distance of diffusion 1s 3—-30% of an interval between
the internal electrodes.

8. A method of manufacturing a multilayered electronic
element as 1 claim 7, wherein the internal electrodes are
arranged such that the interval between them 1s less than
about 10 um.

9. A method of manufacturing a multilayered electronic
element as 1n claim 7, wherein the internal electrodes are
arranged such that the interval between them 1s less than 6
um and wherein the distance of diffusion 1s 3—10% of the
interval between the internal electrodes.
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10. A method of manufacturing a multilayered electronic
element as 1n claim 9, wherein the distance of diffusion 1s
4-10% of the 1nterval between the internal electrodes.

11. A method of manufacturing a multilayered electronic
clement as 1n claim 7, wherein the multilayered electronic
clement 1s a multilayered capacitor, and further comprising
the step of selecting the 1nterval between the internal elec-
trodes and the distance of diffusion so as to provide a
predetermined electrostatic capacitance and a predetermined
change of electrostatic capacitance with respect to tempera-
ture.

12. A method of manufacturing a multilayered electronic
clement as i claim 11, further comprising the step of
selecting the 1nterval between the mternal electrodes and the
distance of diffusion so as to provide a predetermined
change i1n 1nsulation resistance with respect to temperature
and predetermined high-temperature load characteristics.
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13. A method of manufacturing a multilayered electronic
element as claimed 1n claim 12, wherein said base metal 1s
nickel.

14. A method of manufacturing a multilayered electronic
element as claimed 1n claim 9, wherein said base metal 1s
nickel.

15. A method of manufacturing a multilayered electronic
element as claimed 1n claim 7, wherein said base metal 1s
nickel.

16. A multilayered electronic element as claimed 1n claim
6, wherein said base metal 1s nickel.

17. A multilayered electronic element as claimed in
claims 3, wherein said base metal 1s nickel.

18. A multilayered electronic element as claimed in
claims 1, wherein said base metal 1s nickel.
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